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Abstract 
A new stereo image watermarking method for three dimensional media, based on the concept of smooth and non-
smooth blocks relationship is proposed. The features of smooth and non-smooth are distinguished by the alternative 
current coefficients energies in discrete cosine transform domain. The relationship is built on the features of blocks at 
the some position on the both images of stereo pair, and the corresponding watermark is embedded into the 
relationship. Moreover, parity quantization is designed for watermark embedding when the relationship can not work. 
Insert into direct current coefficients using quantization. Experimental results show that the proposed method can 
embed watermarks into stereo images invisibly and detected them blindly. At same time, the proposed method is 
robust to attacks, such as JPEG compression, filter, cropping, and so on. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Harbin University 
of Science and Technology 
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1. Introduction 
As computer network and multimedia-related technologies are in its rapid developing period, although 
the quality of two dimensional images is quite satisfactory, the lack of depth perception hinder people to 
judge the correct relationship of the objects visually. Three dimensional video systems [1,2] have been 
recently developed which significantly improve visualization, and definitely will enter the media business 
market in the near future. In general, three-dimensional (3D) video media results in a tremendous amount 
of data that needs to be transmitted, stored or watermarked. It is inevitable that demands on the use of 3D 
media through the communication networks will increase tremendously. The stereoscopic 3D display can 
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be achieved by projecting stereo images to the specially designed screen. Thus a great chance of 
developing stereo image watermarking technology will be the key way for protecting copyright of 3DTV. 
Image watermarking should possess data imperceptibility and robustness to several unintentional as 
well as deliberate attacks [3]. The watermark can be embedded into space domain or the transformed 
domain of an image. The space domain technologies directly modify the intensities values of some 
selected pixels. The classic space domain watermarking technology is embedding watermark into the least 
significant bits of image pixels [4]. Mohamed developed a watermarking method based on discrete cosine 
transform (DCT) and image segmentation [5]. Hsieh proposed a wavelet transform based method by 
modifying the frequency part of images [6]. Lin applied Fourier transform in their watermarking method 
[7]. Moreover, Ali described a watermarking method based on combining DWT and DCT [8]. Besides 
quantizing transformed coefficients and relationships are employed for embedding. Zheng used the 
relationship of randomly selected blocks in DCT domain to achieve a semi fragile watermarking [9]. 
Munawer proposed color image watermarking based on self-embeded color permissibility[10], Dai 
presented image smoothing and sharpening based on nonlinear diffusion equation [11]. For watermarking 
stereo images, Patrizio presented an object-oriented method [12].  
However, very few watermarking methods were proposed for stereo images. In this paper, we try to fill 
this gap by proposing a new stereo image watermarking method based on quantization and relationship 
using DCT. The proposed method is invisible to the user and robust to JPEG compression, Gaussian 
filtering, median and average filtering, and crops. 
2. The proposed stereo image watermarking method 
In this work, a blind watermarking method is proposed for stereo images. Binary watermark is defined 
as W={w1,w2,..wm×m}, where m×m≤(M×N)/(n×n), M×N is the size of original image, and n×n is the size of 
blocks. The watermark will be embedded into stereo image according to the relationship or quantization 
as depicted in Fig.1. Preference 1 is the first choice for watermark embedding, and preference 2 is 
employed when preference 1 can not work. Embedding and extraction of watermark will be discussed in 
the following sections. 
Fig. 1. main processes for embedding 
Smooth and non-smooth are the main features of images. Generally, the less value of coefficients the 
more smoothness in an image, thus the alternative current (AC) energy is employed to detect smooth and 
non-smooth blocks of images. The AC energy of the yth block is defined as 
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where Xi,j is AC coefficients and DCy is DC coefficients of y
th block in the DCT domain. 
Compute the average of energy for both of images 
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where z=(M×N)/(n×n), the number of blocks of one image.  
Eq.(3) is used to judged whether the ith block is smooth or non-smooth  
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where true means the block is smooth, and false is non-smooth block. Bi-l is the i
th block feature of left 
image calculated by Eq.(3), and Bi-r is the i
th block feature of right image. The relationship is built on 
smooth and non-smooth features of blocks. 
Left image and right image have high similarities in block features: smooth and non-smooth. When 
both of images are attacked, the changing trends in features of blocks at the some position are similar, and 
moreover the features of blocks will not be changed to high extent. It is rare to turn a block from smooth 
to non-smooth or non-smooth to smooth except the energy is lost in great quantity, and the quality of 
images will be decreased a lot as well. According to the above analysis, the relationship is built on the 
features between left and right image blocks. The relationship between blocks at the same position of 
stereo image pair used for watermark embedding is defined as 
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In this step parity quantization is described for the method. DC coefficients in the DCT domain are 
quantized by the step value S, and quantization value of ith block Qi is calculated as Eq.(2) according to 
DCi (DC coefficients of the i
th block). 
)/( SDCfloorQ =                                                                                                                     (5) 
where floor returns the largest integer not greater than DC/S. In general, the disparity between stereo pair 
will not be recognized visually if one image is changed to a little extent because of masking effects. In 
this step either of DC coefficients of stereo pair will be modified according to Eq. (6) or Eq. (7) 
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where % is the mod calculation. The rule is that DC coefficients of left images will be chosen to be update 
unless blocks of right image are non-smooth. 
2.1. Main steps for watermark embedding 
In the proposed method, only two keys are required. EM is used for recording embedding methods as 
key1, and S is key2. The main steps for embedding watermark are depicted as following seven steps. 
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1) The left and right images are divided into non-overlap 8×8 blocks and each block is DCT-transformed. 
2) Compute the energy for every block, and Bi-l and Bi-r are computed for every block. Set i=0.
3) According to Bi-l and Bi-r, the relationship Ri for i
th blocks of left and right images is determined. 
4) Preference 1 for embedding: if Ri equal to wi, then EMi=”0”, and go to step 6, otherwise, go to the 
step 5.
5) Preference 2 for embedding: Set EMi=”1”, and modify corresponding DC coefficients according to 
quantization step. 
6) If i<m×m, then i++ and go back to the step 3, otherwise, go to next step. 
7) Reconstruct the stereo images with watermark by inversing modified DCT transforms. 
2.2. Main steps for watermark extracting 
For a given stereo image pair, the recorded information about the embedded watermark (key1, key2)
should be provided for the watermark extraction from the images. The detailed extracting procedure is 
described as follows: 
1) The given embedded watermark stereo image pair is divided into non-overlap blocks of size 8×8 and 
every block is transformed using DCT.  
2) Smooth or non-smooth blocks of right and left images are determined, and the method is the same as 
smooth or non-smooth estimation in embedding procedures. DC’i-l as DC coefficient of i
th block in 
left image is computed and DC’i-r for i
th block in right image is achieved as well. Set i=0.
3) Via key1 get embedding methods matrix EM. When EMi=”0”, (8) works for w
’
i.
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where B’i-l and B
’
i-r are the value for smooth and non-smooth estimation of the i
th block. Suppose EMi=”1”; 
if B’i-r=false, and w
’
i is achieved from DC
’
i-r, otherwise from DC
’
i-l. If DC is divisible by S, (9) works. 
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If DC is divisible by (S+1), perform Eq.(10). 
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4) If i<m×m, then i++ and go back to the step 3, otherwise, go to next step. 
5) The final recovery watermark W’={w’1,w
’
2 ,w
’
3…..,w
’
m×m} is gained. 
(a) original left image (b) original right image (c) 52.49dB (d) 51.83dB 
Fig. 2. (a) original left image; (b) original right image; (c) watermarked left image; (d) watermarked right image. 
3. Experimental results and discussions 
The performance of the proposed method will be tested in this section. The first frame of stereo image 
pair of “Puppy” with 640×480 pixels are taken for test images as illustrated in Fig. 2(a) and 2(b). And a 
binary watermark logo Chinese character with 64×64 pixels in Fig. 3(a). Computer simulation is performed 
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under the situation of “Matlab 2009” on windows XP. To evaluate the quality of watermarked stereo 
images, let ⊕ denote exclusive-OR, then the watermark recovering rates of extracted watermark via HC.
mm
WW
HC ×
⊕−= ∑ '1                                                                                                               (11) 
(a) original 
watermark 
(b) HC=1 (c) Q=90
HC=0.9912 
(d) Q=70
HC=0.9556 
(e) Q=50
HC=0.9280 
(f) Q=30
HC=0.8108 
Fig. 3. (a) original watermark; (b) recovered watermark without attack; (c)-(f) recovered watermarks after JPEG compression with
different Quality (Q). 
(a) Median(s=3) 
HC=0.9216 
(b) Median (s=5)  
HC=0.8293 
(c) Median (s=9)
HC=0.7515 
(d) Average (s=3) 
HC=0.9304 
(e) Average (s=5) 
HC=0.8220 
(f) Average (s=9) 
HC=0.7224 
Fig. 4. (a)-(c) recovered watermark after median filter with different sizes (s×s); (d)-(f) recovered watermark after average filter 
with different sizes (s×s).
(a)  Gaussian (s=3) 
HC=0.9731 
(b) Gaussian (s=4) 
HC=0.8269 
(c) 1/4 left-top 
HC=0.9004 
(d) 1/8 left-top 
HC=0.9736 
(e) 1/4 middle 
HC=0.8354 
(f) 1/8 middle 
HC=0.8962 
Fig. 5. (a)-(b) recovered watermark after Gaussian low pass filtering of different sizes (s×s); (c)-(f) Recorvered watermarks after 
cropped from different parts. 
In the experiment, S=20. Peak signal to noise ratio (PSNR) is used to evaluate the perceptual distortion. 
PSNR of the watermarked left image is 52.49dB, and PSNR of the watermarked right image is 51.83dB as 
illustrated in Fig. 2(c) and 2(d). The recovered watermark without attack is shown in Fig. 3(b) and HC is 1. 
It demonstrates the watermark is invisible and can be detected by the proposed method. 
Furthermore, JPEG compression, Gaussian filtering, median filtering, average filtering, and cropping 
are used for attacking watermark embedding images(left and right images are attacked to the same extent) 
respectively, the experiments results demonstrate the robustness and stability of the proposed method. 
(1) Attacks with JPEG Compression. Figs. 3(c)-3(f) show recovered watermarks after JPEG 
compression with different quality and corresponding HC. Visually watermarks can be recognized and 
especially the values of HC are greater than 0.9 when Q-factor is greater than 30. It proves the robustness 
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of the proposed method. When Q is from 90 to 30, the HC is decreased steadily and not dropped like Q
decreased. Therefore it proves the proposed method has stable ability. 
 (2) Attacks with filtering. When the watermarked images are filtered by Gaussian low pass filter, 
median and average filters, all watermarks can be examined as illustrated in Fig. 4, Fig. 5(a) and Fig. 5(b). 
Furthermore, the obtained HC values are acceptable as to robustness.
(3) Attacks with cropped. We tested the proposed method against cropping. Watermarked images are 
cropped from different parts: 1/4 top-left, 1/8 top-left corner, 1/4 middle and 1/8 middle. Apparently 
watermarks can be detected and the values of HC are stable as well as depicted in Figs. 5(c)-5(f). 
3. Conclusion 
In this paper a novel stereo image watermarking method based on relationships and quantization is 
proposed. The relationship is built on smooth and non-smooth blocks, which is used for embedding 
watermarks. Moreover quantization of direct current coefficients in DCT domain is used for watermark 
embedding when relationships cannot work. The experimental results demonstrate the transparency of the 
proposed method. Furthermore, when watermarked stereo images are on the attack, the watermark can be 
still detected well, which proves the robustness of the proposed method. 
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